Background With progress being made in the treatment of psoriasis, a variety of clinical research and treatment options are being pursued. This study used a discrete choice experiment (DCE) to estimate treatment characteristic preferences for both patients and physicians in Japan. Subgroup analysis was also applied in order to examine differences within the range of patients and within the range of physicians. Methods The DCE was developed with the input of clinical experts in the treatment of psoriasis to ensure inclusion of the most relevant attributes at appropriate levels in a way that is understandable to both physicians and patients. The study was conducted on parallel samples of Japanese physicians (n = 161) and Japanese psoriasis patients (n = 306) through an online panel. For each sample, a conditional logit statistical model and subgroup analysis were then performed to estimate respondent preferences for treatment attributes. Results The overall findings are that better treatment efficacy as measured by proportion of patients achieving 90% reduction in the Psoriasis Area and Severity Index score (PASI 90), lower risk of adverse events and the availability of a bio-holiday are important decision factors for both patients and physicians. Low injection frequency is less of a priority for both samples. Also, while both groups demonstrate a preference to receive the treatment injections at a clinic by a healthcare professional rather than self-injection at home, this is more pronounced for the patient sample. The physician sample shows considerably more emphasis on the type of injection, though both samples prefer subcutaneous injections to intravenous injections. Implications This study reveals the importance of addressing both clinical effectiveness and process factors in systemic, non-topical psoriasis treatments to gain acceptance by both physicians and patients. As well as efficacy (as measured by PASI 90), which remains a consistent priority in treatment, administration and development of new treatments should also consider process factors such as the mode of administration and possibility for a bio-holiday.
Introduction
Psoriasis is a chronic, systemic autoimmune disease that affects the skin and may be associated with other inflammatory conditions and comorbidities. The prevalence of diagnosed psoriasis has previously been estimated to be 0.34% in Japan [1] , which is much lower than in either the US (3.4%) [2] or Europe (from 0.7% in Scotland to 8% in Norway) [3] . The differences can largely be attributed to the higher prevalence of obesity in the West, since this has been determined to be a significant risk factor [4] . Lack of vitamin D can also be partially responsible for high prevalence rates in northern countries [5] .
The burden of psoriasis is substantial and the condition has a significant negative impact on patients' quality of life. Psoriasis has been linked to depression and suicidal tendencies among patients. The costs associated with the decrease in quality of life, lost productivity and work absenteeism may be enormous [6] .
Treatment options depend on disease severity and include topical therapies such as creams, phototherapies for mild forms and systemic agents such as methotrexate for more severe forms of psoriasis. The development of biological agents targeting tumour necrosis factor alpha (TNFα), interleukin (IL)-17, IL-12 and IL-23 has changed the treatment paradigm for severe psoriasis. Biologic agents can be administered through subcutaneous injections or intravenous infusions and have demonstrated impressive efficacy [7] . A recent survey of psoriasis patients reported that overall patient satisfaction with existing psoriasis therapies was only modest; however, those treated with biologic agents exhibited highest treatment satisfaction over oral therapy, phototherapy and topical therapy [8] . In Japan, a recent analysis of claims data reported that out of 28,006 patients with a diagnosis of psoriasis, 3093 (11%) received this kind of treatment [9] , which is similar to the proportion found for patients in the US [10] . A possible reason why biologics are not prescribed more widely might be their high cost. In Japan, yearly cost per PASI 75 responder (those with a 75% reduction in their Psoriasis Area and Severity Index score) was estimated to be between JPY 1.5 million and JPY 7.4 million (~ US $15,000-US $74,000) [11] . A study from the US found that treatment dissatisfaction was related to high cost [12] .
In Japan, seven biologics for treating psoriasis are available: infliximab and adalimumab were approved in 2010, ustekinumab was approved in 2011, secukinumab was approved in 2014, brodalumab and ixekizumab were approved in 2016 and guselkumab was approved in 2018. Although the development of these treatment options raises the expectation of treatment success from the previous levels (i.e. PASI 75) to higher levels (i.e. PASI 90), they all have different profiles regarding efficacy, safety, frequency and mode of administration.
Discrete choice experiments (DCEs) are a set of stated preference, questionnaire-based methods that enable researchers to statistically estimate how respondents' value different aspects of services. This is done through asking study subjects to choose between sets of hypothetical options with different attributes (characteristics) at specified levels in a series of presented choices. DCEs are characterized by statistically modelling the respondents' utility maximizing trade-offs based on the levels of the attributes of the options presented. To date, patient and physician treatment preferences have been studied in a number of indications and are found to be particularly useful for considering both health outcome and process factors [13] [14] [15] [16] [17] [18] .
This study involves eliciting both patient and physician preferences for such treatment attributes by means of a DCE. Previous DCEs in psoriasis have evaluated either physician [19] or patient [20] preferences for treatment attributes, with few studies comparing the concordance of the preferences between stakeholders [21, 22] . For Japan, to the best of our knowledge, this would be the first attempt to compare physician and patient preferences in psoriasis. Furthermore, subgroups within each of these samples were then tested for any statistically significant differences in treatment priorities and preferences.
Methods

Discrete Choice Experiment Development
This study opted to use a DCE to identify the patient and physician priorities from among possible health outcomes and experience factors in the treatment of psoriasis. The DCE method enables respondents to consider and express preferences for both real and hypothetical options based on the characteristics of the choices. From statistically modelling which choices are made by the respondents, the relative value of the characteristics can be estimated. As is recognized in the DCE literature and across good practice guidelines, attribute and level selection within a DCE study is a critical step, not just for ensuring inclusion of relevant attributes but also to ensure the levels that will reflect the decision of interest and induce trade-offs among the choice sets for the respondents [23, 24] . This study's DCE included attributes and levels that were selected through a workshop with eight specialist clinicians. The process was facilitated by a study member who had also undertaken a literature review to identify a full list of potential attributes. While health states were considered as an outcome measure, ultimately the focus was on standard clinical outcomes for psoriasis treatment and aspects of the experience of receiving treatment. For the appropriate levels, the panel was instructed to anchor this in current treatment options and near future possible improvements. The finally selected seven attributes and corresponding levels for these are listed in Table 1 .
The seven attributes and corresponding levels (4^4 * 2^3) were reduced to 16 choice sets in SAS software, version 9.4 (SAS Institute, Cary, NC, USA) using the MktEx macro [25] . The resulting orthogonal partial factorial main effects design had a reported relative D-efficiency of 100%. A mod shift approach, in which each attribute had its level varied by a set value, was used to generate the alternative option for each of the 16 choice sets from the original experimental design.
Visual representations of the attribute levels were presented along with the quantitative or textual description of the choice option to reduce the cognitive burden of respondents and increase engagement. These were designed such that each attribute was of roughly equal visual impact, as shown in Fig. 1 . As this was an online-administered questionnaire, the sequence in which the 16 choice pairs were presented to each respondent was random to avoid any systematic biases from the question sequence.
DCE Administration and Analysis
The questionnaire was piloted with a patient sample (n = 31) and physician sample (n = 33) to check that trade-offs were being made in the treatment choice selection and also to check that the respondent populations could understand presented treatment options (responding positively to a follow-up question on their self-reported understanding of the presented choice options in the DCE: patients 87%; physicians 94%).
The final questionnaire with the 16 choice sets was administered to screened samples from a physician panel (n = 161) and to a patient panel (n = 306) during November to December 2017. Among the inclusion criteria for the physicians was having to treat moderate or severe psoriasis patients each month. Patients had to be adults (18 years or older) who have had a diagnosis for at least a year and are actively receiving treatment. To exclude the mild cases for which the non-topical treatments are not typically prescribed, psoriasis severity screening questions were applied to the patient panel. To be included, patients had to meet at least one of the following criteria: current treatment is 'Oral Drug' or 'Biologic Agent' (non-topical, systemic treatments) or extent of body surface area (BSA) coverage of at least three 'hands' or self-reported severity of 'moderate' or 'severe'. In setting sample size requirements, the team followed the accepted guidelines from the literature considering the number of attributes, choices and planned sub-group comparisons for a main-effects study without attribute interactions [24, 26, 27] . Along with the guidelines, consideration was made of the expected variation in preferences across the patient sample as well as practical constraints in the number of physicians meeting inclusion criteria (Table 2) . After data cleaning, the choice data and respondent socioeconomic variables were imported into STATA v.14 for analysis. The DCE analysis was undertaken with a conditional logit model in which each of the three 4-level attributes (PASI90, StopRate, RiskAE) were continuous variables. The following utility specification, in which the β coefficients reflected the impact of each attribute on the likelihood of choosing an offered treatment and ε is the error term assumed to follow a Gumbel distribution, is estimated for this logit model:
This study uses a conditional logit model to estimate the parameters of the DCE model for physicians (Table 3) and for patients (Table 4 ). (For ease of interpretation, these tables present the model results as both regression coefficients and as odds ratios for the attributes.) These tables also present each attribute as a 'Willingness to Accept Compensation' in terms of the key health outcome variables: PASI 90 and risk of adverse events (AEs).
The clinician workshop participants also identified key subgroups of interest within each sample to be analysed. Subgroup analysis within each of the two samples was conducted with Swait-Louviere Log-Likelihood Ratio tests [28] . For those sub-samples in which the S-L LL Ratio Test exceeds the Χ 2 test statistic, the utility models for the samples can be considered statistically different from one another.
Results
Comparison of Physician and Patient Samples
Descriptions of the respondents within the two samples are presented in Table 2 .
The results for both the physician and patient samples demonstrate attribute preferences in the expected directions and are generally consistent with one another. The coefficient magnitudes suggest that better treatment efficacy (PASI 90), lower risk of AEs and also the availability of a bioholiday are important decision factors for both patients and physicians. Also, both groups prefer that the injections are administered at a clinic by a healthcare professional rather than being self-administered at home. What is found to be much more important in the treatment choice decision among the physician sample than the patient sample is the 'injection type' attribute, in which physicians demonstrated preference for subcutaneous injections (SC) over intravenous injections (IV).
Patients tend to pay more attention to the 'who administers the injection' attribute, preferring a healthcare professional at a clinic. Patients are also more likely to choose alternatives with a lower injection frequency.
The treatment choices made by the patient sample is more focused on certain key attributes, such as treatment effectiveness, the treatment setting ('InjWho') and availability of a 6-month bio-holiday, leading to strong results that are statistically significant. The full physician sample also has statistically significant results, but many of the actual size of impacts (coefficients values) are not that strong as a broader range of the attributes seem to be included in their trade-off considerations.
Subgroup Analysis
The biggest difference in priorities amongst the physicians is that general practitioners (GPs) put more weight on the treatment being delivered by a healthcare professional at a clinic and also more emphasis on the treatment effectiveness (PASI 90) than do the other physicians. Dermatologists indicate more focus on avoiding risk of adverse events, lower stop rates and the availability of a bio-holiday, with less relevance on the delivery setting.
Amongst the patients, those self-reporting as 'mild' psoriasis cases have similar preference for the effectiveness to those self-reporting as 'moderate' and 'severe' cases, but did have the injection type, risk attribute and injection setting attributes play a much larger role in their decisions (Table 5 ). (Alternative severity subgroup analysis was also undertaken using a body surface area measure criterion, the results for which are in Appendix A, see Electronic Supplementary Material.)
Discussion
Our results suggest that the treatment attributes regarding the possibility of a bio-holiday, efficacy in terms of PASI 90 and lower risk of AEs, are most important for both patients and physicians. Also, both groups prefer that medication is administered at a clinic instead of selfadministration at home. There is a strong aversion against IV injection type for both groups, as well as dislike of frequent injections. For patients, subgroup analysis does not find major differences between those whose psoriasis is mild and those whose psoriasis is moderate or severe. The only exceptions are the preference against IV injection which is more pronounced for those patients with a mild form of psoriasis. Also, patients with more severe disease are more tolerant regarding adverse events. This finding compares with a recent study from the US in which risk of adverse events was more important than efficacy among moderate psoriasis patients, but results were the other way round for severe psoriasis patients [21] . In a German patient population, participants with moderate-to-severe psoriasis were most interested in safety of biologicals, followed by efficacy, but preferences varied with socio-demographic characteristics and working status [29] . Seston et al. [30] observed that psoriasis patients found the greatest benefit in low risks of skin cancer and liver damage, and preferred treatments that achieve moderate improvement more quickly. The treatment process attributes were of moderate importance in that study. Given the extreme risk aversion found in Japanese society [31] , we also expected that Japanese patients would place a higher emphasis on the reduction of adverse events and have a smaller preference for efficacy.
Further, we found that, surprisingly, patients prefer to have their treatment administered in a clinic rather than at home. This is in a stark contrast to the findings of Schaarschmidt et al. [20] , who found that psoriasis patients considered treatment location at home as the most important attribute for selecting psoriasis treatments. A possible explanation for this may be the risk aversion of the Japanese people coupled with the strong transportation networks making hospital access relatively easy. The risk aversion to potential mistakes in self-administered injections is traded off against the convenience of treatment at home, with different populations having different priorities. Another proposed explanation is the finding in other literature that a large proportion of Japanese people aged between 50 and 70 years are lonely [32] , particularly when compared with Western countries [33] . Visiting a physician's office might be a strategy to cope with loneliness and a study has demonstrated a link between the desire to communicate with other patients in the waiting room and the number of office visits [34] . In line with this reasoning is the fact that Japan (and Korea) have by far the highest numbers of doctor's office consultations among OECD countries [35] .
Considering the physician perspective, we find a strong aversion to the administration of treatment via IV injection. Otherwise, efficacy and avoidance of adverse events are the dominant attributes, which mirrors findings from a recent study in the US [21] . Subgroup analysis reveals that dermatologists place slightly less emphasis on efficacy compared with GPs but give more priority to safety (risk of adverse events). GPs have the strongest preference to administer the medication at a clinic among all physicians, while location does not factor much in the dermatologist sample's treatment decision, with a statistically insignificant slight preference for self-administration. GPs also have the strongest aversion against IV injection type.
In general, risk tolerance and preference for efficacy is similar between physicians and patients in our study, while a UK study found that patients had a greater tolerance for adverse events compared with their physicians [36] .
Preferences between physicians and patients are quite similar in our results, although this study was not explicitly designed to assess the concordance of preferences across patient and physician pairs. Instead of testing the alignment of patient/physician pairs, in this study patients and physicians responded independently from each other and concordance was assessed in terms of the relative importance of specific treatment attributes. While paired comparisons are an interesting methodological approach, the majority of studies analysing the concordance of patient and physician preferences still rely on separate sample DCEs [37] . However, a recent Japanese study explicitly evaluated treatment goal alignment between psoriasis patients and their paired physicians. In that study, treatment goal misalignment was found in 67.9% of the patient/physician pairs. The misalignment was mainly 'patient predominant' (60.9%), indicating that patients had higher expectations regarding 'complete clearance' than physicians expected [38] . In a German study that compared concordance between physicians and patients, patients worried more about mild adverse events and treatment location than the physicians, but relatively less about cost and frequency of laboratory tests [22] .
Therefore, shared decision making (SDM) should be an integral part of psoriasis treatment [13] , as SDM has been shown to positively impact patient satisfaction, treatment compliance and ultimately health outcomes [39] . Recent research showed that SDM is as important for Japanese patients as it is for Americans [40] .
Limitations of this study include that this is a stated preference study such that the results rely on physician and patient participants being able to judge treatment options among the hypothetical options presented. Also, the only currently available treatment administered by IV injection is infliximab, so that attribute may be overly associated with this specific treatment.
Among the patient sample, the current use of biologics was low (13.1%) and so we anticipate few had experience with this option and may not have been as familiar with the reality of this treatment option. Furthermore, the biologics being developed are generally intended for patients with more severe disease who are not being successfully treated with other approaches, including other systemics, so the patient sample may be somewhat broader than the intended patient pool.
Conclusions
This study provides insight into the treatment preferences of physicians and patients in Japan for treatment attributes for moderate and severe psoriasis. This includes both the direct expected health outcome attributes and process attributes in administering the treatment. Optimal communication between patient and physician regarding the decision-making process in treatment selection is crucial to patient-centred care and to ensure that patient preferences and physicians' perceptions are in concordance.
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